The vertical and horizontal mixing of waters within the ocean affects the Earth's climate because it controls the poleward transport of heat and carbon within the ocean, the structure of the large-scale currents, and the character of water that upwells and interacts with the atmosphere. Particularly in the Southern Ocean, ocean general circulation models can show different behavior depending on the exact representation of mixing. To date, however, measurements of this mixing have not been available because of the remoteness and difficult working conditions in the Southern Ocean.
The Diapycnal and Isopycnal Mixing Experiment in the Southern Ocean (DIMES) seeks to understand the regional importance of the Southern Ocean to global circulation by measuring large-and small-scale mixing processes. In the ocean, water moves primarily along surfaces of constant potential density (isopycnals), but it can also mix and change density between these surfaces in what is known as diapycnal mixing. This experiment, a joint effort between U.S. and U.K. scientists, will begin fieldwork in early 2009.
The experiment is motivated by the hypothesis that mixing in the Southern Ocean interior plays a controlling role in the dynamics of how the ocean circulates water on a global scale, a phenomenon called the meridional overturning circulation. Past studies of this circulation have often assumed that water travels southward in the ocean interior, upwells along isopycnals in the Southern Ocean, and is transformed by air-sea exchanges as it returns northward at the ocean surface, with negligible diapycnal mixing in the ocean interior. However, recent observational studies have called this view into question by suggesting that interior diapycnal mixing may be intense in some parts of the Southern Ocean, particularly where the Antarctic Circumpolar Current (ACC) encounters rough topography.
In the experiment, diapycnal mixing will be measured by tracking the vertical spreading of a tracer patch of 480 kilograms of trifluoromethyl sulfur pentafluoride (CF 3 SF 5 ) that will be released at 60ºS, 110ºW near 1300-meter depth. At this depth, the tracer patch is expected to take about 3 years to advect into Drake Passage and through the Scotia Sea. High-resolution measurements of the vertical variations in the ocean (known as fine structure and microstructure) to be collected by U. S. and U.K. vertical (free-falling) profilers will provide instantaneous measures of diapycnal mixing. These measures will be augmented by floats that measure vertical velocity shear in the tracer layer and by electromagnetic Autonomous Profiling Explorer (APEX) floats that measure fine-scale shear and stratification year-round over the upper 1500 meters of the water column.
Isopycnal mixing and dispersion parameters will be determined from acoustically tracked isopycnal-following floats deployed in the same layer as the tracer, and also from the horizontal dispersion of the tracer patch. A mooring array in Drake Passage will measure the set of physical processes by which eddies and internal waves can interact. Hydrographic observations will be made during experiment cruises, and inverse modeling methods are planned to synthesize the observations. Finally, analysis of experiment data will take advantage of satellite altimetry in order to assess surface mixing processes and to evaluate how observations are distributed relative to the meandering dynamical features of the Southern Ocean. Models run at the Los Alamos National Laboratory (LANL), the National Oceanography Centre, Southampton (NOCS), and the University of East Anglia will be used to further guide the experiment and to interpret the results.
DIMES offers a range of opportunities for complementary work. The experiment's research cruises will visit remote parts of the southeastern Pacific, presenting opportunities for surface drifter and Argo float deployment. DIMES will deploy a major sound source array that could support ancillary float programs or permit the deployment of additional acoustically tracked Argo floats in the Antarctic Circumpolar Current region. Complementary efforts aimed at improving measurements and assimilation of meteorology and surface fluxes would be especially welcome. The experiment's research cruises also have the potential for biogeochemical measurements in a region of high importance, within a well-characterized physical environment.
Ultimately, results from the experiment should facilitate improvements in the representation of mixing in numerical models of the ocean and climate. While modeling efforts funded as part of the experiment Further, the necessary precision of the information needed for planning and forecasts of possible future food insecurity is far lower than that required to estimate current food aid needs. FEWS NET has recently begun to assess future changes in food security status due to biophysical and socioeconomic events through a twice-ayear projection of food security conditions. The food security outlook product has pushed forecasts and statistical projections of observations into the forefront of the early warning activity. Integrating projections with remote sensing observations will greatly improve the utility and integration of forecasts into operational networks.
focus on issues specific to the field program and do not cover hypothesis-driven modeling of the circulation or detailed testing of mixing parameterizations in climate models, the DIMES project team welcomes interactions with modeling groups interested in these activities.
A schematic timeline of the experiment, a map, and other information are available at http://dimes.ucsd.edu.
